We describe a 25-year-old man with epidermodysplasia verruciformis (EV) associated with neurofibromatosis type 1 (NF1). The lesions, persisting for more than 15 years, consisted of widespread planar warts on the backs of the hands and wrists, and reddish-brown macules on the trunk, neck and face. During the last 5 years, our patient developed several epithelial tumours, namely solar keratoses, plaques of Bowen's disease and squamous cell carcinomas (SCCs). He also presented with NF1 lesions with neurofibromas, café-au-lait macules, axillary freckling and Lisch nodules. He had left tibial bowing. Polymerase chain reaction analysis of the skin lesions demonstrated the presence of human papillomavirus (HPV) 15 in a flat wart, HPV 20 in a plaque of Bowen's disease, and HPV 15 and HPV 20 in an SCC lesion. Both EV and NF1 show an inherited predisposition to malignancy but the molecular mechanism underlying tumour development is not fully understood. The appearance of both diseases in our patient may be a coincidental association but may also contribute to the identification of loci for susceptibility to NF1 and EV on chromosome 17.
Epidermodysplasia verruciformis (EV) is a rare genodermatosis characterized by flat warts or scaling macules resembling pityriasis versicolor. The condition is associated with widespread and persistent infection by a specific group of related human papillomaviruses (HPVs) and a high risk of development of epithelial tumours such as solar keratosis, Bowen's disease and squamous cell carcinoma (SCC) on sun-exposed skin. The disease is usually considered an autosomal recessive condition. [1] [2] [3] Neurofibromatosis type 1 (NF1), a common autosomal dominant disease affecting one in 3500 individuals, is characterized by multiple neurofibromas, café-au-lait macules, axillary freckling, iris hamartomas (Lisch nodules) and a variety of other possible complications, including an increased risk of malignancy. 4, 5 We describe a 25-year-old man with EV associated with NF1. Both conditions show an inherited predisposition to malignancy, but the molecular mechanism underlying tumour development in these diseases is not fully understood. brown macules, which had been present for more than 15 years. His parents were first cousins. Shortly after birth he was reported to have developed café-au-lait spots and subsequent axillary freckling. He was also noted to have left tibial bowing. He developed several cutaneous or subcutaneous tumours after the age of 10 years. He was unable to walk without support because of tibial bowing that was considered to be an unfavourable type of congenital pseudarthrosis, and his left leg was amputated at the age of 18 years.
His parents reported a history of increasing numbers of planar warts on the back of his hands and reddishbrown lesions on his trunk, neck and face since he was aged 7 years. Furthermore, during the last 5 years, he developed several solar keratoses, plaques of Bowen's disease and SCCs arising from reddish-brown lesions on sun-exposed areas of the skin (Fig. 1 ), which were treated by cryotherapy or surgery.
Examination revealed widespread flat-topped, slightly elevated skin-coloured or reddish papules on the backs of the hands and wrists (Fig. 2) , and reddish-brown macules similar to those in pityriasis versicolor on the trunk, neck and face (Fig. 3) . Our patient also presented several neurofibromas with the typical button-hole sign (Fig. 4) . Multiple café-au-lait spots and axillary freckles (Crowe sign) were detected. Ophthalmological examination revealed bilateral Lisch nodules, confirming the diagnosis of NF1.
Biopsy of planar warts from the back of the hand and of a tumour from the arm respectively confirmed the diagnosis of EV and NF. The samples were fixed in 10% buffered formalin and routine histological examination was performed after paraffin embedding and staining with haematoxylin and eosin. In the first biopsy, affected keratinocytes were swollen and irregularly shaped. They showed abundant, slightly basophilic cytoplasm. The nuclei of the affected keratinocytes appeared large, round and empty (Fig. 5 ). In the second biopsy, a circumscribed non-encapsulated dermal tumour was composed of loosely spaced spindle cells and wavy collagenous strands (Fig. 6 ). Biopsies of lesions diagnosed as solar keratosis, Bowen's disease and SCC (Fig. 7) were confirmatory.
One sample of a flat wart, two samples of an SCC lesion and one of Bowen's disease were subjected to polymerase chain reaction (PCR) analysis. DNA was extracted from paraffin-embedded material and subjected to PCR amplification. Precautions were taken at all stages of handling to avoid contamination. Primers were selected to amplify the majority of mucosal as well as cutaneous HPV types. These included the GP+, 6 C4 were within normal limits. Percentages and absolute counts of lymphocyte subsets CD3, CD4, CD8, CD19 and CD56 were normal.
Our patient had no family history of any similar skin or genetic disorder. GTG-banded chromosome examinations were performed on lymphocyte cultures from our patient to exclude major chromosomal abnormalities. His karyotype was found to be 46,XY according to standard chromosomal analysis.
Discussion
EV is an extremely rare genodermatosis that is associated with widespread and persistent infection by a distinct group of HPV types present in disseminated flat warts and pityriasis versicolor-like lesions. In about half of the patients with EV, the lesions on sun-exposed sites may progress to carcinoma in situ and invasive SCC during the third and fourth decade of life.
1,2,9 HPV 5 and HPV 8 are the main oncogenic cutaneous HPV types detected in over 90% of EV-associated SCCs.
1 A lesion of SCC from our patient harboured HPV 15 and HPV 20 DNA, both EV-associated HPV types. HPV 20 has occasionally been reported to be associated with SCC. 10, 11 The high rate of parental consanguinity in patients with EV, as in our patient, suggests a recessive pattern of inheritance. Besides sex-linked 12 and autosomal dominant inheritance, 13 sporadic cases have also been reported. Ramoz et al. have mapped a susceptibility locus for EV to chromosome 17qter within the 1 cM interval between markers D17S939 and D17S802. 14 The same authors recently reported a candidate region for a second EV susceptibility locus within the 8 cM interval between markers D2S171 and D2S2347 of the 2p21-p24 region. 15 NF1, a pleiotropic autosomal dominant disorder, is characterized by benign tumour (neurofibroma) growth and increased risk of malignancy. NF1 is caused by mutations in the NF1 gene localized on chromosome 17q11.2. The NF1 gene has a tumoursuppressor function. The product of this gene, neurofibromin, is a major negative regulator of the Ras pathway in cells, which transmits mitogenic signals to the cell nucleus. Therefore, loss of neurofibromin in patients with NF1 leads to accumulation of activated Ras and thus increases downstream mitogenic signalling. 16 Malignancy developing over NF1 lesions, a major cause of morbidity and mortality, appears in approximately 5% of cases; neurofibrosarcoma is the most common tumour. A tendency to develop a Wilm's tumour, a rhabdomyosarcoma or leukaemia has also been reported. 17, 18 Although NF1 is known to be a common autosomal disease, the mutation rate in the NF1 gene is one of the highest known for human genes, and approximately half of the cases of NF1 result from new mutations. 19 The parents of our patient showed no evidence of the disease; this suggests a new mutation or occurrence of the disease de novo. On the other hand, the first-degree consanguinity of the parents suggests a recessive pattern of inheritance for EV. Two susceptibility loci for EV have recently been mapped to chromosome regions 2p21-p24 and 17q25 by Ramoz et al.
14, 15 The appearance of both diseases in our patient may support the notion that the 17q25 region is the site of the candidate gene for EV. In the frame of Mendelian inheritance, we can speculate that both NF1 and EV may be inherited together on chromosome 17 according to the chromosomal segregation in our patient.
We have described a 25-year-old man with EV associated with NF1. This is the first case report, to our knowledge, of EV associated with NF1 and therefore may contribute to the determination of loci for susceptibility to NF1 and EV on chromosome 17. There may be a pleiotrophic effect involving chromosome 17 that induces not only EV but also contributes to the pathogenesis of NF1. This association may also be coincidental. However, further observations are needed to determine the clinical and cytogenetic relevance.
